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(54) SENSING DEVICE

(57) Disclosed is a sensing device comprising: a sta-
tor connected to a first shaft; a first gear rotating in en-
gagement with the stator; a second gear rotating in en-
gagement with the first gear; a magnet coupled to the
second gear; and a magnetic element disposed corre-
sponding to the magnet, wherein one surface of the mag-
net disposed facing the magnetic element has an ellipti-

cal shape. Accordingly, even when the center of the mag-
net disposed in the second gear and the center of the
magnetic element are not aligned in the axial direction
and thus arranged offset, the sensing device can en-
hance the precision of a steering angle measurement
due to the shape of the magnet.
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Description

[Technical Field]

[0001] The present embodiment relates to a sensing
device.

[Background Art]

[0002] In order to secure steering stability of a vehicle,
a steering system which assists steering using separate
power can be used in the vehicle, and in particular, an
electronic power steering (EPS) system with low power
loss and superior accuracy is used.
[0003] In addition, in the EPS system, an electronic
control unit drives a motor according to operating condi-
tions and driver manipulation information detected by a
vehicle speed sensor, a torque sensor, an angle sensor,
and the like to secure turning stability and quickly provide
a restoring force so that a driver can drive safely.
[0004] In addition, the angle sensor measures a steer-
ing angle of a steering handle using a main gear which
rotates in conjunction with rotation of a rotor, a sub-gear
which rotates by being engaged with the main gear, a
magnet coupled to the sub-gear, and a Hall integrated
circuit (IC) for detecting a change in magnetic force of
the magnet.
[0005] However, when a center of the magnet fixed to
the sub-gear and a center of the Hall IC disposed to cor-
respond to the magnet are not accurately aligned, there
is a problem in accurately measuring the steering angle.
[0006] That is, there is a problem that a degree of
measurement accuracy of the angle sensor is degraded
due to an offset generated when the center of the magnet
and the center of the Hall IC are disposed. For example,
due to an assembly error occurring when a substrate in
which the Hall IC is disposed is installed in a case, an
assembly error occurring when the sub-gear is disposed
in the case, and the like, a problem that an offset is gen-
erated when the magnet and the Hall IC are disposed
occurs.
[0007] In addition, when two sub-gears, two magnets,
and two Hall ICs are used in an angle sensor, since an
assembly tolerance is further increased, there is a prob-
lem that the reliability of a degree of measurement accu-
racy is also further degraded.
[0008] Accordingly, the development of a sensing de-
vice which can improve a degree of measurement accu-
racy of a steering angle even when an assembly toler-
ance of an angle sensor is generated is required.

[Technical Problem]

[0009] The present embodiment is directed to provid-
ing a sensing device capable of improving a degree of
measurement accuracy of a steering angle even when
an offset is generated when a magnet fixed to a sub-gear
and a magnetic element which detects a change in mag-

netic field of the magnet are disposed.
[0010] Objectives to be solved by embodiments are
not limited to the objectives described above, and objec-
tives which are not described above will be clearly un-
derstood by those skilled in the art from the following
descriptions.

[Technical Solution]

[0011] One aspect of the present invention provides a
sensing device including a sensing device including a
stator connected to a first shaft, a first gear which rotates
in conjunction with the stator, a second gear which rotates
in conjunction with the first gear, a magnet coupled to
the second gear, and a magnetic element disposed to
correspond to the magnet, wherein one surface of the
magnet disposed to face the magnetic element has an
elliptical shape.
[0012] Another aspect of the present invention pro-
vides a sensing device including a sensing device includ-
ing a stator connected to a first shaft, a first gear which
rotates in conjunction with the stator, a second gear which
rotates in conjunction with the first gear, a magnet cou-
pled to the second gear, and a magnetic element dis-
posed to correspond to the magnet, wherein one surface
of the magnet disposed to face the magnetic element
includes a flat surface and an inclined surface formed to
be inclined with respect to the flat surface.
[0013] Still another aspect of the present invention pro-
vides a sensing device including a stator connected to a
first shaft, a first gear which rotates in conjunction with
the stator, a second gear which rotates in conjunction
with the first gear, a magnet coupled to the second gear,
and a magnetic element disposed to correspond to the
magnet, wherein the magnet has a shape in which a dif-
ference between a maximum value of an X flux in an X
direction and a maximum value of a Y flux in a Y direction
has a value within 15% based on an offset of 1 mm.
[0014] With respect to a minor axis of the one surface,
an S pole may be disposed in one region of the one sur-
face, and an N pole may be disposed in the other region
of the one surface.
[0015] The one surface of the magnet may include a
flat surface and an inclined surface inclined with respect
to the flat surface, wherein a corner at which the flat sur-
face meets the inclined surface may be disposed to be
parallel to the minor axis.
[0016] A boundary line between the one region and
the other region may be disposed to overlap with the
magnetic element in an axial direction of the second gear.
[0017] In addition, the inclined surface may be dis-
posed to be inclined toward a center of the magnet.
[0018] The thickness of the peripheral region may de-
crease toward the central region.
[0019] One surface of the central region may include
a flat surface, and one surface of the peripheral region
may include an inclined surface. In this case, the other
surface of the magnet may be a flat surface parallel to
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the flat surface of the central region.
[0020] A sensing point of the magnetic element may
be disposed to overlap with the flat surface of the central
region in an axial direction of the first gear.
[0021] One surface of the magnet may include one sur-
face of the central region and one surface of the periph-
eral region and may be a surface facing the magnetic
element.
[0022] A length of a flat surface of the central region
may be in the range of 0.2 to 0.8 times a length of a major
axis in a major axis direction of the magnet.
[0023] The magnet may include a body portion having
the flat surface and a protrusion including the inclined
surface, the flat surface may be disposed between two
inclined surfaces, and the magnetic element may be dis-
posed to overlap with an end portion of the protrusion in
a radial direction of the second gear.
[0024] A part of the magnetic element may be disposed
to overlap with the inclined surface in an axial direction.
[0025] A width of the magnetic element in a minor axis
direction may be greater than a length of a minor axis
(A2) of the magnet, and a width of the magnetic element
in a major axis direction may be smaller than a length of
a major axis (A1) of the magnet.
[0026] Yet another aspect of the present invention pro-
vides a sensing device including a stator connected to a
first shaft, a first gear which rotates in conjunction with
the stator, a second gear which rotates in conjunction
with the first gear, a magnet coupled to the second gear,
and a magnetic element disposed to correspond to the
magnet, wherein one surface of the magnet disposed to
face the magnetic element is formed in a shape having
a major axis and a minor axis.

[Advantageous Effects]

[0027] A sensing device according to an embodiment
can improve a degree of measurement accuracy of a
steering angle due to a shape of a magnet even when
an offset is generated when a center of the magnet dis-
posed on a second gear and a center of a magnetic el-
ement are not aligned in an axial direction.
[0028] According to an embodiment, since one surface
of a magnet disposed to face a magnetic element has a
shape having a minor axis and a major axis which have
different lengths, a degree of measurement accuracy of
a steering angle can be improved. In this case, the minor
axis can be defined as a virtual axis having a shortest
length among virtual lines passing through a rotation
center formed on one surface of the magnet, and the
major axis can be defined as a virtual axis having a long-
est length among the virtual lines.
[0029] According to an embodiment, since an inclined
surface is formed on one surface of a magnet disposed
to face a magnetic element, a degree of measurement
accuracy can be improved.
[0030] Various useful advantages and effects of the
embodiments are not limited to the above-described con-

tents and will be more easily understood from descrip-
tions of the specific embodiments.

[Description of Drawings]

[0031]

FIG. 1 is a perspective view illustrating a sensing
device according to an embodiment.
FIG. 2 is a bottom perspective view illustrating the
sensing device according to the embodiment.
FIG. 3 is an exploded perspective view illustrating
the sensing device according to the embodiment.
FIG. 4 is a view illustrating an arrangement relation-
ship between a magnet and a magnetic element
which are disposed in the sensing device according
to the embodiment.
FIG. 5 is a view illustrating an offset generated due
to the arrangement relationship between the magnet
and the magnetic element which are disposed in the
sensing device according to the embodiment.
FIG. 6 is a graph showing a relationship between an
X Flux in an X direction and a Y Flux in a Y direction
of a magnet flux detected based on the magnetic
element.
FIG. 7 is a view illustrating a magnet and a magnetic
element as comparative examples.
FIG. 8 is a graph showing an X Flux and a Y Flux
according to rotation of the magnet of the compara-
tive example.
FIG. 9 is a graph showing nonlinearity of a flux due
to an offset of the comparative example.
FIG. 10 is a graph showing an X Flux and a Y Flux
according to the offset of the comparative example.
FIG. 11 is a graph showing maximum values of the
X Flux and the Y Flux according to the offset of the
comparative example.
FIG. 12 is a graph showing a relationship between
the offset and the nonlinearity of the comparative
example.
FIG. 13 is a perspective view illustrating a first ex-
ample of the magnet disposed in the sensing device
according to the embodiment.
FIG. 14 is a front view illustrating the first example
of the magnet disposed in the sensing device ac-
cording to the embodiment.
FIG. 15 is a plan view illustrating the first example
of the magnet disposed in the sensing device ac-
cording to the embodiment.
FIG. 16 is a bottom view illustrating the first example
of the magnet disposed in the sensing device ac-
cording to the embodiment.
FIG. 17 is a graph showing maximum values of an
X Flux and a Y Flux according to an offset of the
sensing device including the magnet according to
the first example.
FIG. 18 is a graph showing a relationship between
the offset and nonlinearity of the sensing device hav-
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ing the magnet according to the first example.
FIG. 19 is a perspective view illustrating a second
example of a magnet disposed in a sensing device
according to an embodiment.
FIG. 20 is a front view illustrating the second example
of the magnet disposed in the sensing device ac-
cording to the embodiment.
FIG. 21 is a graph showing maximum values of an
X Flux and a Y Flux according to an offset of the
sensing device including the magnet according to
the second example,
FIG. 22 is a graph showing a relationship between
the offset and nonlinearity of the sensing device in-
cluding the magnet according to the second exam-
ple.

[Modes of the Invention]

[0032] Hereinafter, exemplary embodiments of the
present invention will be described in detail with refer-
ence the accompanying drawings.
[0033] However, the technical spirit of the present in-
vention is not limited to some embodiments which will be
described and may be embodied in a variety of different
forms, and at least one or more components of the em-
bodiments may be selectively combined, substituted,
and used within the range of the technical spirit.
[0034] In addition, unless clearly and specifically de-
fined otherwise by the context, all terms (including tech-
nical and scientific terms) used herein can be interpreted
as having meanings customarily understood by those
skilled in the art, and meanings of generally used terms,
such as those defined in commonly used dictionaries,
will be interpreted in consideration of contextual mean-
ings of the related art.
[0035] In addition, the terms used in the embodiments
of the present invention are considered in a descriptive
sense only and not to limit the present invention.
[0036] In the present specification, unless clearly indi-
cated otherwise by the context, singular forms include
the plural forms thereof, and in a case in which "at least
one (or one or more) among A, B, and C" is described,
this may include at least one combination among all pos-
sible combinations of A, B, and C.
[0037] In addition, in descriptions of components of the
present invention, terms such as "first," "second," "A,"
"B," "(a)," and "(b)" can be used.
[0038] The terms are only to distinguish one element
from another element, and the essence, order, and the
like of the elements are not limited by the terms.
[0039] In addition, it should be understood that, when
an element is referred to as being "connected" or "cou-
pled" to another element, such a description may include
both a case in which the element is directly connected
or coupled to another element, and a case in which the
element is connected or coupled to another element with
still another element disposed therebetween.
[0040] In addition, when any one element is described

as being formed or disposed "on" or "under" another el-
ement, such a description includes both a case in which
the two elements are formed or disposed in direct contact
with each other and a case in which one or more other
elements are interposed between the two elements. In
addition, when one element is described as being formed
"on or under" another element, such a description may
include a case in which the one element is formed at an
upper side or a lower side with respect to another ele-
ment.
[0041] A sensing device according to an embodiment
may be disposed between an output shaft (not shown)
and an input shaft (not shown) of steering shafts. In this
case, the output shaft may be called a first shaft, and the
input shaft may be called a second shaft.
[0042] FIG. 1 is a perspective view illustrating the sens-
ing device according to the embodiment, FIG. 2 is a bot-
tom perspective view illustrating the sensing device ac-
cording to the embodiment, and FIG. 3 is an exploded
perspective view illustrating the sensing device accord-
ing to the embodiment. In this case, a Z direction shown
in FIGS. 1 to 3 may denote an axial direction, and an R
direction may denote a radial direction. In addition, the
axial direction and the radial direction may be perpendic-
ular to each other. In addition, a symbol "C" shown in
FIGS. 1 to 3 may denote a rotation center of each of a
rotor 100, a stator 200, and a first gear 300. In addition,
a symbol "C1" shown in FIGS. 2 and 3 may denote a
rotation center of each of a second gear 400 and a mag-
net 500. In addition, the symbols "C" and "C1" may be
disposed parallel to each other in the axial direction.
[0043] Referring to FIGS. 1 to 3, a sensing device 1
according to the embodiment may include the rotor 100
connected to the second shaft which is the input shaft,
the stator 200 connected to the output shaft which is the
first shaft, the first gear 300 which rotates in conjunction
with rotation of the stator 200, the second gear 400 which
rotates in conjunction with rotation of the first gear 300,
the magnet 500 coupled to the second gear 400, and a
magnetic element 600 disposed to correspond to the
magnet 500. In this case, the magnetic element 600 may
be disposed on a circuit board 700 and may be referred
to as a magnet sensing element. In addition, the first gear
300 may be called a main gear, and the second gear 400
may be called a sub-gear.
[0044] In this case, in the sensing device 1, an offset
may be generated when centers of the magnet 500 dis-
posed and the magnetic element 600 disposed on the
second gear 400 are not aligned in the axial direction due
to an assembly tolerance and the like. In this case, the
assembly tolerance may be generated when the stator
200 and the first gear 300 are coupled, by a gear backlash
generated when the first gear 300 and the second gear
400 are engaged, or when the circuit board 700 and a
housing (not shown) are coupled. Accordingly, the offset
may be generated due to the assembly tolerance and
the like.
[0045] Accordingly, the sensing device 1 may prevent
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degradation of a degree of measurement accuracy of a
steering angle using a shape of the magnet 500 even
when the offset is generated. For example, as illustrated
in FIG. 3, in the sensing device 1, one surface of the
magnet 500 disposed to face the magnetic element 600
may be formed in an elliptical surface or an inclined sur-
face may be formed on one surface to minimize an effect
of the offset. That is, in the sensing device 1, a degree
of measurement accuracy of the steering angle can be
improved by minimizing the effect of the offset on a
change in magnetic field detected by the magnetic ele-
ment 600 using the shape of the magnet 500.
[0046] Meanwhile, the sensing device 1 according to
the embodiment may also measure a torque of the steer-
ing shaft. Accordingly, the sensing device 1 may include
a collector 800 and a torque sensor 900 disposed on the
circuit board 700 to face one side of the collector 800.
[0047] In addition, the sensing device 1 may further
include a housing (not shown) which forms an exterior
and supports and protects each component.
[0048] The rotor 100 may be rotatably disposed inside
the stator 200. In addition, the rotor 100 may be connect-
ed to the second shaft which is the input shaft of the
steering shaft. In addition, the input shaft may be the
steering shaft connected to a handle of a vehicle. In this
case, the term "inward" refers to a direction toward a
center C in the radial direction, and the term "outward"
refers to a direction opposite to "inward."
[0049] The rotor 100 may include a yoke 110 having a
cylindrical shape and a magnet 120 disposed on the yoke
110.
[0050] The yoke 110 may be coupled to the second
shaft. Accordingly, the yoke 110 may rotate in conjunc-
tion with rotation of the second shaft.
[0051] The magnet 120 may be disposed outside the
yoke 110. In this case, the magnet 120 may be fixedly
adhered or press-fitted to an outer circumferential sur-
face of the yoke 110. In addition, the magnet 120 may
be called a rotor magnet or main magnet.
[0052] The stator 200 may be rotatably disposed out-
side the rotor 100. In addition, the stator 200 may be
connected to the first shaft which is the output shaft.
[0053] Referring to FIG. 3, the stator 200 may include
a holder 210 connected to the output shaft, a body 220
disposed at one side of an outer circumferential surface
of the holder 210, and a pair of stator teeth 230 disposed
on the body 220.
[0054] The holder 210 may be connected to the first
shaft which is the output shaft of the steering shaft. Ac-
cordingly, the holder 210 may rotate in conjunction with
rotation of the first shaft. In this case, the holder 210 may
be formed of a metal material but is not necessarily limited
thereto. For example, the holder 210 may be formed of
another material having a predetermined strength so that
the first shaft may be fixedly fitted to the holder 210.
[0055] The body 220 may be disposed on one end por-
tion of the holder 210. For example, the body 220 may
be disposed on one end portion of the holder 210 in an

insert-injection manner using a resin such as a synthetic
resin. In addition, the magnet 120 of the rotor 100 may
be rotatably disposed on the body 220.
[0056] In addition, the body 220 may include a hole
formed to be coupled to the stator teeth 230.
[0057] The stator teeth 230 may be fixedly coupled to
the body 220. In this case, the stator teeth 230 may be
formed in pair to be disposed on each of an upper portion
and a lower portion of the body 220. In this case, the
stator teeth 230 may be referred to as stator rings.
[0058] In addition, the stator teeth 230 may include a
plurality of teeth 231 disposed to be spaced a distance
from each other along an inner circumferential surface
of the body 220, and the teeth 231 may be disposed to
correspond to the magnet 120. For example, the teeth
231 may be disposed outside the magnet 120 in the radial
direction.
[0059] The first gear 300 may be disposed to operate
in conjunction with rotation of the stator 200. For example,
the first gear 300 may be coupled to the body 220 of the
stator 200 and rotated in conjunction with the rotation of
the stator 200.
[0060] The first gear 300 may be formed in a ring
shape, and a plurality of gear teeth may be formed on an
outer circumferential surface of the first gear 300. In ad-
dition, the gear teeth of the first gear 300 may be engaged
with gear teeth of the second gear 400.
[0061] The second gear 400 may rotate in conjunction
with rotation of the first gear 300. For example, the sec-
ond gear 400 may be engaged with the first gear 300. In
this case, the second gear 400 may be disposed to have
a rotation center C1 different from that of the first gear
300.
[0062] Referring to FIG. 3, the second gear 400 may
include a second gear body 410 formed in a disc shape
and a boss 420 protruding from the second gear body
410 in the axial direction. In this case, the boss 420 may
be referred to as a first protrusion or a second gear pro-
trusion.
[0063] The second gear body 410 may include gear
teeth formed on an outer circumferential surface to be
engaged with the gear teeth of the first gear 300.
[0064] The boss 420 may be formed in a cylindrical
shape. In addition, the magnet 500 may be disposed in-
side the boss 420. Accordingly, the magnet 500 may also
rotate in conjunction with rotation of the second gear 400.
In this case, an example of the boss 420 formed in the
cylindrical shape in which the magnet 500 is fixed is de-
scribed, but the present invention is not necessarily lim-
ited thereto. For example, the boss 420 may be formed
in any shape as long as the boss 420 can prevent move-
ment of the magnet 500 and also be coupled to the mag-
net 500.
[0065] As illustrated in FIGS. 1 to 3, two second gears
400 may be disposed to improve a degree of measure-
ment accuracy of the steering angle. Accordingly, the
second gears 400 may include a 2-1 gear 400a and a
2-2 gear 400b. In this case, both the 2-1 gear 400a and
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the 2-2 gear 400b are disposed to be engaged with the
first gear 300, but the present invention is not necessarily
limited thereto. For example, the 2-1 gear 400a may also
be engaged with the first gear 300, and the 2-2 gear 400b
may also be disposed to be engaged with the 2-1 gear
400a.
[0066] The magnet 500 may be coupled to the second
gear 400. Accordingly, the magnet 500 may share the
rotation center C1 with the second gear 400 and rotate
in conjunction with rotation of the second gear 400. For
example, the magnet 500 may be coupled to the boss
420 of the second gear 400 and rotated with the second
gear 400. In this case, the magnet 500 may be referred
to as an angle magnet or a sub-magnet.
[0067] FIG. 4 is a view illustrating an arrangement re-
lationship between the magnet and the magnetic element
which are disposed in the sensing device according to
the embodiment.
[0068] Referring to FIG. 4, when the magnet 500 and
the magnetic element 600 are disposed so that the rota-
tion center of the magnet 500 and the center of the mag-
netic element 600 are aligned in the axial direction, the
steering angle can be accurately measured. For exam-
ple, when the center of the magnetic element 600 is po-
sitioned on and aligned with the rotation center C1 of the
magnet 500, the steering angle can be accurately meas-
ured
[0069] FIG. 5 is a view illustrating an offset generated
due to the arrangement relationship between the magnet
and the magnetic element which are disposed in the
sensing device according to the embodiment. In FIG. 5,
a symbol "C2" may be the center of the magnetic element
600.
[0070] Referring to FIG. 5, the magnet 500 and the
magnetic element 600 may be disposed such that the
center of the magnet 500 disposed on the second gear
400 and the center of the magnetic element 600 are not
aligned in the axial direction due to an assembly tolerance
and the like.
[0071] For example, when "C1" denoting the rotation
center of the magnet 500 and "C2" denoting the center
of the magnetic element 600 are disposed in parallel in
the axial direction, the offset may be generated between
"C1" and "C2." That is, in a radial direction with respect
to the rotation center C1 of the magnet 500, an offset
may be generated between the rotation center C1 of the
magnet 500 and a center C2 of the magnetic element
600.
[0072] Accordingly, in the sensing device 1, an effect
due to the offset can be minimized due to the shape of
the magnet 500 even when the offset is generated when
the centers of the magnet 500 and the magnetic element
600 disposed on the second gear 400 are not aligned in
the axial direction.
[0073] Accordingly, in order to check a difference in
effect according to the shape of the magnet 500 of the
sensing device 1 according to the embodiment, a com-
parative example of a magnet having a shape different

from the shape of the magnet 500 may be proposed. In
addition, an effect of the offset on a degree of measure-
ment accuracy of the steering angle may also be checked
using a flux detected by the magnetic element of the com-
parative example.
[0074] FIG. 6 is a graph showing a relationship be-
tween an X Flux in an X direction and a Y Flux in a Y
direction of a magnet flux detected based on the magnetic
element, FIG. 7 is a view illustrating the magnet and the
magnetic element as the comparative examples. FIG. 8
is a graph showing an X Flux and a Y Flux according to
rotation of the magnet of the comparative example, and
FIG. 9 is a graph showing nonlinearity of a flux due to an
offset of the comparative example. In FIG. 6, the X direc-
tion and the Y direction on a plane may be perpendicular
to each other. In addition, a symbol "P" shown in FIG. 6
may be disposed on line C2 passing through a center of
the magnetic element.
[0075] Referring to FIG. 6, a magnet flux detected by
the magnetic element may be divided into an X Flux X in
the X direction and a Y Flux in the Y direction. In this
case, an arctangent Atan may be calculated for calculat-
ing an angle, and an error in calculating the angle may
occur due to a difference in maximum value between the
X Flux and the Y Flux due to an offset. Accordingly, non-
linearity presented in association with a degree of meas-
urement accuracy of a steering angle occurs. In this case,
the center of the magnetic element may be a center of
sensing and may be called a sensing point P. In this case,
the magnetic element may be a Hall integrated circuit
(IC).
[0076] Referring to FIG. 7, a sensing device as the
comparative example may include a magnetic element
10, a sub-gear 20, and a magnet 30 fixed to the sub-gear
20 and disposed to face the magnetic element 10. In this
case, the magnetic element 10 and the magnet 30 may
generate a certain offset due to an assembly tolerance
and the like.
[0077] In this case, the magnet 30 of the sensing device
as the comparative example may be formed in a cylin-
drical shape, and one surface 31 of the magnet 30 dis-
posed to face the magnetic element 10 may be formed
in a circular shape having a predetermined radius r. Ac-
cordingly, when the offset occurs, the sensing device as
the comparative example has difficulty in responding to
the offset.
[0078] Referring to FIG. 8, with respect to a virtual line
passing through a center C1, an S pole may be disposed
at one side of the magnet 30, and an N pole may be
disposed at the other side. In this case, the sensing point
P of the magnetic element 10 may be disposed on one
surface 31 of the magnet 30 to be spaced a certain dis-
tance from a rotation center C1 of the magnet 30 due to
the offset. As illustrated in FIG. 8, actual measurement
values of the X Flux and the Y Flux may be expressed
as waveforms according to a rotation angle of the magnet
30.
[0079] When the actual measurement values of the X
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Flux and the Y Flux are compared with ideal values with
reference to FIG. 8, differences may occur between the
actual measurement values and the ideal values due to
the offset. For example, at 45 degrees of FIG. 8, it can
be seen that differences occur between the actual meas-
urement values of the X Flux and the Y Flux and the ideal
values. In this case, the actual measurement values may
be values, which reflect the offset and are actually meas-
ured by the magnetic element, and the ideal values may
be theoretical values calculated when the center of the
magnet and a center of the magnetic element are aligned.
[0080] Accordingly, when the steering angle is meas-
ured using the sensing device, the offset affects the de-
gree of accuracy. The effect can be seen more clearly
with reference to FIG. 9.
[0081] FIG. 9 is a view showing a comparison between
an actual measurement value of a flux due to an offset
of the comparative example and an ideal value to check
a degree of measurement accuracy of a steering angle,
and an ideal value may be expressed in a linear shape.
In addition, a difference between the actual measure-
ment value and the ideal value may be expressed in a
nonlinear shape (waveform) and may be called nonline-
arity. In this case, the nonlinearity may be expressed in
units of angles.
[0082] Referring to FIG. 9, it can be seen that the non-
linearity of the actual measurement value due to the offset
increases due to the difference from the ideal value. In
this case, the nonlinearity may be expressed as a max-
imum value of the difference between the ideal value and
the actual measurement value. Accordingly, a value at a
point farthest from the ideal value may be provided as a
nonlinearity value, and when a rotation angle of the mag-
net 30 is 45 degrees, 135 degrees, 225 degrees, or 315
degrees, the nonlinearity value may have a maximum
value.
[0083] Accordingly, it can be seen that a degree of
measurement accuracy of the steering angle due to the
offset relates to the nonlinearity. For example, it can be
seen that, as the nonlinearity value is increased, the de-
gree of measurement accuracy of the steering angle is
degraded.
[0084] Meanwhile, due to various factors such as ac-
cumulation of assembly tolerances and the like, a length
of the offset may be changed. Accordingly, an effect of
an increase in offset on the degree of measurement ac-
curacy will be described with reference to the compara-
tive examples illustrated in FIG. 7.
[0085] FIG. 10 is a graph showing an X Flux and a Y
Flux according to the offset of the comparative example,
FIG. 11 is a graph showing maximum values of the X
Flux and the Y Flux according to the offset of the com-
parative example, and FIG. 12 is a graph showing a re-
lationship between the offset and the nonlinearity of the
comparative example.
[0086] Referring to FIG. 10, it can be seen that, as the
offset increases in the sensing device according to the
comparative example, the maximum value of the Y Flux

also increases. Accordingly, it can be seen at around 45
degrees of FIG. 10 that a difference between the X Flux
and the Y Flux also increases.
[0087] Referring to FIG. 11, the difference between the
X Flux and the Y Flux can be further clarified through a
difference in maximum value between the X Flux and the
Y Flux. As illustrated in FIG. 11, it can be seen that, as
the offset increases, the difference in maximum value
between the X Flux and the Y Flux also increases.
[0088] Referring to FIG. 12, it can be seen that, as the
offset increases, the nonlinearity increases sharply. For
example, it can be seen that, when the offset is about
0.5 mm, the nonlinearity value is about 2.6 degrees. Ac-
cordingly, as the offset increases, a degree of measure-
ment accuracy of the steering angle is also lowered.
[0089] Accordingly, as the offset increases, the differ-
ence in maximum value between the X Flux and the Y
Flux increases, and thus the nonlinearity also increases.
Accordingly, it can be seen that, as the offset increases,
the degree of measurement accuracy of the steering an-
gle is lowered.
[0090] Accordingly, in the sensing device 1 according
to the embodiment, the magnet 500 which minimizes an
effect of the offset is provided, and thus a degree of meas-
urement accuracy of the steering angle above a prede-
termined level can be provided.
[0091] FIG. 13 is a perspective view illustrating a first
example of the magnet disposed in the sensing device
according to the embodiment, FIG. 14 is a front view il-
lustrating the first example of the magnet disposed in the
sensing device according to the embodiment, FIG. 15 is
a plan view illustrating the first example of the magnet
disposed in the sensing device according to the embod-
iment, and FIG. 16 is a bottom view illustrating the first
example of the magnet disposed in the sensing device
according to the embodiment.
[0092] Referring to FIGS. 13 to 16, the magnet 500
may include a facing surface 510 which is one surface
disposed to face the magnetic element 600. In addition,
the magnet 500 may include a lower surface 540 which
is an opposite surface of the facing surface 510 in the
axial direction.
[0093] The facing surface 510 may be formed in a
shape having a major axis A1 and a minor axis A2. For
example, the facing surface 510 may be formed in an
elliptical shape or a polygonal shape having five or more
angles. Even when the facing surface 510 is formed in
the polygonal shape, the facing surface 510 may be
formed to have the major axis A1 and the minor axis A2.
In this case, the minor axis A2 may be defined as a seg-
ment having a shortest length among segments which
pass through the rotation center C1 and connect two
points on a circumference of the magnet 500, and the
major axis A1 may be defined as a segment having a
longest length among the segments.
[0094] In addition, the minor axis A2 may be a bound-
ary line B dividing one region in which an S pole is dis-
posed from the other region in which an N pole is dis-
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posed. Accordingly, with respect to the minor axis A2,
one region in which the S pole is implemented may be
disposed at one side, and the other region in which the
N pole is disposed may be disposed at the other side. In
this case, the boundary line B may be disposed to overlap
with the magnetic element 600 in the axial direction of
the second gear 400. In addition, for overlapping of the
boundary line B and the magnetic element 600 in con-
sideration of the offset, a width of the magnetic element
600 in the radial direction may be greater than a length
of the minor axis A2.
[0095] Meanwhile, since the magnet 500 may include
a body portion 520 and a protrusion 530 formed to pro-
trude from one side of the body portion 520 in the axial
direction, the facing surface 510 may include a flat sur-
face 511 and an inclined surface 512 obliquely disposed
at a predetermined angle θ with respect to the flat surface
511. In this case, the protrusion 530 of the magnet 500
may be referred to as a second protrusion or magnet
protrusion.
[0096] The body portion 520 and the protrusion 530
may be integrally formed, the flat surface 511 may be
one surface at one side of the body portion 520 in the
axial direction, and the inclined surface 512 may be one
surface of the protrusion 530 in the axial direction. In this
case, a part of flat surface 511 and a part of the inclined
surface 512 may be disposed to face the magnetic ele-
ment 600.
[0097] Referring to FIGS. 13 to 15, the flat surface 511
may be disposed between two inclined surfaces 512.
[0098] In addition, the rotation center C1 of the magnet
500 may be positioned on the flat surface 511. Accord-
ingly, the minor axis A2 may also be disposed on the flat
surface 511, and a corner 513 at which the flat surface
511 meets the inclined surface 522 may be disposed to
be parallel to the minor axis. In this case, the corner 513
may be disposed to overlap with the magnetic element
600 in the axial direction.
[0099] In addition, the flat surface 511 may be formed
to have a predetermined area. In this case, the area of
the flat surface 511 may be determined during designing
of the magnet 500 so that the sensing point P of the mag-
netic element 600 can overlap with the flat surface 511
in the axial direction.
[0100] That is, the area of the flat surface 511 may be
determined in consideration of an assembly tolerance, a
range of the offset which may be generated due to the
assembly tolerance, and overlapping of the magnetic el-
ement 600 in the axial direction. For example, the area
of the flat surface 511 may be smaller than an area of
one surface of the magnetic element 600 disposed to
face the flat surface 511. Accordingly, each of a width of
the flat surface 511 in a major axis direction and a width
of the flat surface 511 in a minor axis direction may be
smaller than a width of one surface of the magnetic ele-
ment 600. Specifically, the width of the flat surface 511
in the major axis direction may be smaller than a length
of one surface of the magnetic element 600 in a diagonal

direction.
[0101] In addition, as the flat surface 511 is formed to
have the predetermined area, the flat surface 511 has a
predetermined length in the major axis direction. In this
case, based on the major axis direction of the magnet
500, a length L1 of the flat surface 511 in the major axis
direction may be formed in the range of 0.2 to 0.8 times
a length L2 of the major axis A1. That is, the length L1
of a central region of the flat surface 511 may be in the
range of 0.2 to 0.8 times the length L2 of the major axis
A1 of the magnet 500.
[0102] Meanwhile, since the rotation center C1 of the
magnet 500 is positioned on the flat surface 511, and the
flat surface 511 is disposed between the inclined surfac-
es 512, the flat surface 511 may be provided as one sur-
face of a central region of the magnet 500. In this case,
a center of the flat surface 511 may be coaxially disposed
with the rotation center C1 of the magnet 500.
[0103] That is, the magnet 500 may include the central
region in which the flat surface 511 is disposed and a
peripheral region in which the inclined surface 512 is dis-
posed, and the flat surface 511 may be provided as a
reference for distinguishing the central region from the
peripheral region. Accordingly, the central region may
include the flat surface 511 as one surface, and the pe-
ripheral region may include the inclined surface 512 as
one surface.
[0104] Two inclined surfaces 512 may be disposed at
one side and the other side of the flat surface 511 in the
major axis direction.
[0105] In addition, the inclined surface 512 may be dis-
posed to have a predetermined gap G from a lower edge
of the magnetic element 600. Accordingly, when the mag-
net 500 is rotated, interference between the inclined sur-
face 512 and the magnetic element 600 can be prevent-
ed.
[0106] In addition, the inclined surface 512 may be ob-
liquely disposed at a predetermined angle θ with respect
to the flat surface 511 and obliquely disposed toward the
center C1 of the magnet 500. In this case, the larger the
angle θ, the more advantageous in terms of a degree of
accuracy, but the angle θ may be formed in the range in
which the gap G is formed.
[0107] In addition, the inclined surface 512 may be pro-
vided as one surface of the peripheral region. Accord-
ingly, due to the inclined surface 512, a thickness of the
magnet 500 in the axial direction may increase away from
the center C1 of the magnet 500.
[0108] The body portion 520 may be formed in a col-
umn shape having the major axis A1 and the minor axis
A2. For example, the body portion 520 may be formed
in an elliptical column shape. In this case, the flat surface
511 may be provided as one surface of the body portion
520.
[0109] In addition, the body portion 520 may be formed
to have a predetermined thickness T1 in the axial direc-
tion. In this case, the thickness T1 of the body portion
520 in the axial direction may be called a first thickness
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and may be a thickness of the central region.
[0110] The protrusion 530 may be formed to protrude
in the axial direction from one surface of the body portion
520 having the flat surface 511.
[0111] In addition, two protrusions 530 may be dis-
posed on one surface of the body portion 520 to be
spaced apart from each other and may be symmetrically
disposed with respect to the minor axis A2.
[0112] In addition, the protrusion 530 may be formed
to have a predetermined thickness T2 in the axial direc-
tion. In this case, the thickness T2 of the protrusion 530
in the axial direction may be called a second thickness
and may be a thickness of the peripheral region. Accord-
ingly, the thickness of the peripheral region may be great-
er than the thickness of the central region in the axial
direction.
[0113] In addition, the protrusion 530 may include the
inclined surface 512. Accordingly, the thickness of the
peripheral region may decrease toward the central re-
gion.
[0114] In addition, an end portion of the protrusion 530
on which the inclined surface 512 is formed may be dis-
posed to overlap with a lower side of the magnetic ele-
ment 600 in the radial direction of the second gear 400.
In this case, a partial region of the magnetic element 600
may be disposed to overlap with the inclined surface 512
in the axial direction of the second gear 400. Accordingly,
the corner 513 may be disposed to overlap with the mag-
netic element 600 in the axial direction.
[0115] The lower surface 540 may be the other surface
positioned at an opposite side of the facing surface 510
which is one surface of the magnet 500 in the axial di-
rection. In addition, the lower surface 540 may be pro-
vided as a flat surface parallel to the flat surface 511 of
the central region.
[0116] FIG. 17 is a graph showing maximum values of
an X Flux and a Y Flux according to an offset of the sens-
ing device including the magnet according to the first ex-
ample, and FIG. 18 is a graph showing a relationship
between the offset and nonlinearity of the sensing device
having the magnet according to the first example.
[0117] Referring to FIGS. 5 and 17, it can be seen that,
as the offset generated between the magnet 500 and the
magnetic element 600 of the sensing device 1 according
to the embodiment increases, a difference in maximum
value between the X Flux and the Y Flux detected by the
magnetic element 600 also increases.
[0118] However, when the difference in maximum val-
ue between the X Flux and the Y Flux according to the
offset of the comparative examples illustrated in FIG. 11,
it can be seen that the difference in maximum value be-
tween the X Flux and the Y Flux detected by the sensing
device 1 according to the embodiment is smaller than
that according to the comparison example. For example,
when the offset of the comparative examples is 1.00 mm,
the difference in maximum value between the X Flux and
the Y Flux is about 8 mT. In addition, when the offset of
the sensing device 1 is 1.00 mm, the difference in max-

imum value between the X Flux and the Y Flux is about
1.8 mT.
[0119] Referring to FIG. 18, it can be seen that, as the
offset of sensing device 1 according to the embodiment
increases, the nonlinearity increases.
[0120] When the nonlinearity of sensing device 1 ac-
cording to the embodiment and that of the comparative
example are compared with reference to FIGS. 12 and
18, it can be seen that a line indicating the nonlinearity
of the sensing device 1 according to the embodiment
rises gently as compared to a line indicating the nonlin-
earity of the comparative example. For example, it can
be seen that the nonlinearity value is about 0.8 degrees
when the offset of the sensing device 1 is about 0.5 mm.
Accordingly, in the case of the sensing device 1, it can
be seen that, as the offset increases, a degree of meas-
urement accuracy of the steering angle is higher than
that of the comparison example.
[0121] However, in the case of the sensing device 1,
in consideration of a relationship with the nonlinearity, a
ratio for the difference in maximum value between the X
Flux and the Y Flux may be limited. In this case, the ratio
for the difference in maximum value between the X Flux
and the Y Flux may be obtained using an equation below 

[0122] Accordingly, the magnet 500 of the sensing de-
vice 1 may be formed so that the ratio for the difference
in maximum value between the X Flux and the Y Flux
based on the offset of 1 mm has a value within 15%.
When the ratio for the difference is greater than 15%, the
nonlinearity increases, and thus it is difficult to provide a
degree of measurement accuracy of the steering angle
above a predetermined level. The limit of the ratio may
also be applied to a sensing device 1 including a magnet
500a according to a second example described below.
[0123] To sum up, since the shape of the magnet 500
of the sensing device 1 minimizes the effect of the offset,
the sensing device 1 can detect the steering angle with
a higher degree of measurement accuracy than that of
the comparative example. Accordingly, the sensing de-
vice 1 can improve reliability by providing the degree of
measurement accuracy of the steering angle above the
predetermined level even when the offset is generated.
[0124] FIG. 19 is a perspective view illustrating a sec-
ond example of a magnet disposed in a sensing device
according to an embodiment, FIG. 20 is a front view il-
lustrating the second example of the magnet disposed
in the sensing device according to the embodiment, FIG.
21 is a graph showing maximum values of an X Flux and
a Y Flux according to an offset of the sensing device
including the magnet according to the second example,
and FIG. 22 is a graph showing a relationship between
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the offset and nonlinearity of the sensing device including
the magnet according to the second example.
[0125] A magnet 500a according to the second exam-
ple may be disposed in a sensing device 1 instead of the
magnet 500 according to the first example.
[0126] When the magnet 500 according to the first ex-
ample is compared with the magnet 500a according to
the second example with reference to FIGS. 13 to 16,
19, and 20, the magnet 500a according to the second
example is different from the magnet 500 according to
the first example in a point of not including the protrusion
530 of the magnet 500 according to the first example.
That is, a shape of a facing surface, which is one surface
disposed to face a magnetic element 600, of the magnet
500a according to the second example is different from
that of the magnet 500 according to the first example.
[0127] Referring to FIGS. 19 and 20, the magnet 500a
may include a facing surface 510a which is one surface
disposed to face the magnetic element 600. In addition,
the magnet 500a may include a lower surface 540 which
is an opposite surface of the facing surface 510a in an
axial direction.
[0128] The facing surface 510a may be formed in a
shape having a major axis A1 and a minor axis A2. For
example, the facing surface 510a may be formed in an
elliptical shape and may be provided as a flat surface.
[0129] The facing surface 510 may be one surface of
the magnet 500 in the axial direction, and the lower sur-
face 540 may be the other surface positioned at an op-
posite side of the facing surface 510. In addition, the lower
surface 540 may be provided as a flat surface parallel to
a flat surface 511 of a central region and may be formed
in the same shape as the facing surface 510a.
[0130] Referring to FIG. 21, it can be seen that, as an
offset generated between the magnet 500a and the mag-
netic element 600 of the sensing device 1 according to
the embodiment increases, a difference in maximum val-
ue between an X Flux and a Y Flux detected by the mag-
netic element 600 also increases.
[0131] When nonlinearity of the sensing device 1 in-
cluding the magnet 500a according to the second exam-
ple is compared with that of the comparative example
with reference to FIGS. 12 and 22, it can be seen that a
line indicating the nonlinearity of the sensing device 1
according to the embodiment rises gently as compared
to the line indicating the nonlinearity of the comparative
example. For example, it can be seen that a nonlinearity
value is about 2.0 degrees when the offset of the sensing
device 1 including the magnet 500a according to the sec-
ond example is about 0.5 mm. Accordingly, in the case
of the sensing device 1 including the magnet 500a ac-
cording to the second example, it can be seen that, as
the offset increases, a degree of measurement accuracy
of a steering angle is higher than that of the comparative
example.
[0132] The magnetic element 600 may be disposed to
correspond to the magnet 500 to detect a change in mag-
netic field of the magnet 500. For example, one surface

of the magnetic element 600 may be disposed to face
the facing surface 510 of the magnet 500. In this case,
the sensing point P of the magnetic element 600 may be
disposed to overlap with the flat surface 511 in the axial
direction. In this case, the magnetic element 600 may be
referred to as a magnet sensing device, and a Hall IC
may be used as the magnetic element 600. In addition,
one surface of the magnetic element 600 disposed to
face the facing surface 510 of the magnet 500 may be
called a detection surface.
[0133] In this case, the same number of magnetic el-
ements 600 as magnets 500 or 500a may be disposed
on the circuit board 700.
[0134] In addition, the width of one surface of the mag-
netic element 600 may be greater than the length of the
minor axis A2 and smaller than the length of the major
axis A1. For example, a width of the magnetic element
600 in the minor axis direction may be greater than the
length of the minor axis A2 of the magnet 500, and a
width of the magnetic element 600 in the major axis di-
rection may be smaller than the length of the major axis
A1.
[0135] In addition, the magnetic element 600 may be
disposed between the protrusions 530 in the radial direc-
tion of the second gear 400. For example, since the width
of one surface of the magnetic element 600 is smaller
than the length of the major axis A1, and the inclined
surfaces 512 are formed on the protrusions 530, the mag-
netic element 600 may be disposed between the protru-
sions 530 in the radial direction of the second gear 400.
That is, the magnetic element 600 may be disposed be-
tween the inclined surfaces 512 in the radial direction of
the second gear 400, and a partial region of the magnetic
element 600 may be disposed to overlap with the inclined
surfaces 512 in the axial direction. However, when the
magnet 500 is rotated, the magnetic element 600 should
be disposed to have the predetermined gap G from the
inclined surface 512 so that interference between the in-
clined surface 512 and the magnetic element 600 can be
prevented.
[0136] The magnetic element 600 which detects mag-
netization of the magnet 500 may be disposed on the
circuit board 700. In addition, a torque sensor 900 for
measuring a torque may be disposed on the circuit board
700. In this case, the circuit board 700 may be a printed
circuit board.
[0137] In addition, the circuit board 700 may be formed
in an arc shape and may be disposed outside the body
220 of the stator 200.
[0138] The collector 800 allows the torque sensor 900
disposed on the circuit board 700 to detect a change in
magnetic force caused by a difference in rotation accord-
ing to torsion of the input shaft and the output shaft. In
this case, the collector 800 may be formed of a metal
material and fixed to the housing.
[0139] Two collectors 800 may be disposed to corre-
spond to each of the pair of stator teeth 230 to collect a
flux of the stator 200. In this case, the collector 800 may
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be divided into an upper collector and a lower collector
according to arrangement positions.
[0140] Referring to FIGS. 1 to 3, the collectors 800 may
be disposed close to the stator teeth 230. In this case,
the term "close" may denote the term "in contact with or
spaced a predetermined distance from each other."
[0141] The collector 800 may include a plate 810 and
a leg 820.
[0142] The plate 810 may be formed in a plate shape.
In addition, the plate 810 may be disposed close to one
side of each of the stator teeth 230.
[0143] The leg 820 may be formed to protrude from
the plate 810 in the axial direction. In this case, the leg
820 may be disposed outside the body 220, and an end
portion of the leg 820 may be bent in the radial direction.
[0144] In addition, the end portion of the leg 820 may
be disposed to face the torque sensor 900. Accordingly,
the torque sensor 900 may be disposed between legs
820 of the upper collector and the lower collector.
[0145] The torque sensor 900 may be disposed on the
circuit board 700. In this case, the torque sensor 900 may
be disposed to correspond to the leg 820 of the collector
800.
[0146] As the torsion occurs between the input shaft
and the output shaft, a difference in rotation between the
rotor 100 and the stator 200 may occur. In addition, the
difference in rotation is detected as a change in magnetic
force by the collector 800 and the torque sensor 900.
Accordingly, the torque sensor 900 can measure a torque
to smoothly adjust a steering handle.
[0147] While the present invention has been described
above with reference to exemplary embodiments, it may
be understood by those skilled in the art that various mod-
ifications and changes of the present invention may be
made within a range not departing from the spirit and
scope of the present invention defined by the appended
claims.

[Reference Numerals]

[0148]

1: SENSING DEVICE
100: ROTOR
200: STATOR
300: FIRST GEAR
400: SECOND GEAR
500, 500A: MAGNET
510: FACING SURFACE
511: FLAT SURFACE
512: INCLINED SURFACE
600: MAGNETIC ELEMENT
700: CIRCUIT BOARD
800: COLLECTOR
900: TORQUE SENSOR

Claims

1. A sensing device comprising:

a stator connected to a first shaft;
a first gear which rotates in conjunction with the
stator;
a second gear which rotates in conjunction with
the first gear;
a magnet coupled to the second gear; and
a magnetic element disposed to correspond to
the magnet,
wherein one surface of the magnet has an ellip-
tical shape.

2. A sensing device comprising:

a stator connected to a first shaft;
a first gear which rotates in conjunction with the
stator;
a second gear which rotates in conjunction with
the first gear;
a magnet coupled to the second gear; and
a magnetic element disposed to correspond to
the magnet,
wherein one surface of the magnet includes a
flat surface and an inclined surface inclined with
respect to the flat surface.

3. A sensing device comprising:

a stator connected to a first shaft;
a first gear which rotates in conjunction with the
stator;
a second gear which rotates in conjunction with
the first gear;
a magnet coupled to the second gear; and
a magnetic element disposed to correspond to
the magnet,
wherein the magnet has a shape in which a ratio
for a difference between a maximum value of an
X flux and a maximum value of a Y flux has a
value within 15% based on an offset of 1 mm.

4. A sensing device comprising:

a stator connected to a first shaft;
a first gear which rotates in conjunction with the
stator;
a second gear which rotates in conjunction with
the first gear;
a magnet coupled to the second gear; and
a magnetic element disposed to correspond to
the magnet,
wherein the magnet has a peripheral region of
which a thickness is greater than a thickness of
a central region of the magnet in an axial direc-
tion.
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5. The sensing device of claim 1, wherein, with respect
to a minor axis of the one surface:

an S pole is disposed in one region of the one
surface; and
an N pole is disposed in the other region of the
one surface.

6. The sensing device of claim 5, wherein the one sur-
face of the magnet includes:

a flat surface; and
an inclined surface inclined with respect to the
flat surface,
wherein a corner at which the flat surface meets
the inclined surface is disposed to be parallel to
the minor axis.

7.  The sensing device of claim 5, wherein a boundary
line between the one region and the other region
overlaps with the magnetic element in an axial direc-
tion of the second gear.

8. The sensing device of claim 2, wherein the inclined
surface is inclined toward a center of the magnet.

9. The sensing device of claim 4, wherein the thickness
of the peripheral region decreases toward the central
region.

10. The sensing device of claim 4, wherein:

one surface of the central region includes a flat
surface; and
one surface of the peripheral region includes an
inclined surface.

11. The sensing device of claim 10, wherein the other
surface of the magnet is a flat surface parallel to the
flat surface of the central region.

12. The sensing device of claim 4, wherein a sensing
point of the magnetic element is disposed to overlap
with the flat surface of the central region in an axial
direction of the first gear.

13. The sensing device of claim 4, wherein one surface
of the magnet includes one surface of the central
region and one surface of the peripheral region and
is a surface facing the magnetic element.

14.  The sensing device of claim 4, wherein a length of
a flat surface of the central region is in the range of
0.2 to 0.8 times a length of a major axis in a major
axis direction of the magnet.

15. The sensing device of claim 2, wherein:

the magnet includes a body portion having the
flat surface and a protrusion including the in-
clined surface;
the flat surface is disposed between two inclined
surfaces; and
the magnetic element is disposed to overlap with
an end portion of the protrusion in a radial direc-
tion of the second gear.

16. The sensing device of claim 15, wherein a part of
the magnetic element is disposed to overlap with the
inclined surface in an axial direction.

17. The sensing device of claim 1, wherein:

a width of the magnetic element in a minor axis
direction is greater than a length of a minor axis
(A2) of the magnet; and
a width of the magnetic element in a major axis
direction is smaller than a length of a major axis
(A1) of the magnet.

21 22 



EP 4 202 400 A1

13



EP 4 202 400 A1

14



EP 4 202 400 A1

15



EP 4 202 400 A1

16



EP 4 202 400 A1

17



EP 4 202 400 A1

18



EP 4 202 400 A1

19



EP 4 202 400 A1

20



EP 4 202 400 A1

21



EP 4 202 400 A1

22



EP 4 202 400 A1

23



EP 4 202 400 A1

24



EP 4 202 400 A1

25



EP 4 202 400 A1

26



EP 4 202 400 A1

27



EP 4 202 400 A1

28



EP 4 202 400 A1

29



EP 4 202 400 A1

30



EP 4 202 400 A1

31

5

10

15

20

25

30

35

40

45

50

55



EP 4 202 400 A1

32

5

10

15

20

25

30

35

40

45

50

55


	bibliography
	abstract
	description
	claims
	drawings
	search report

